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With its unique structure, physical, and electronic properties, C 60 (Buckminsterfullerene) has been shown to possess great potential for the development of organic electrical and optical devices. [1] [2] [3] [4] For example, C 60 is a good electrical conductor at the nanoscale, nearly as good as copper metal. C 60 is also a good thermal conductor and is one of the strongest materials known, being 100 times stronger than steel but one-sixth the weight. [5] [6] [7] Moreover, the ability of C 60 to be a potent electron acceptor has led to its utilization in donor-chromophore-acceptor based molecular triads that are capable of intramolecular photoinduced electron transfer (PET). 8 While C 60 thin-films on metal surfaces have been widely studied, 3, 9-14 many challenges remain for the directed self-assembly of organic optoelectronic materials such as C 60 into two-dimensional surface structures. Therefore, developing methods to pattern and immobilize organic electronic or optoelectronic materials with nanometer-scale control will provide a simple, robust, and flexible approach for the preparation of predetermined two-dimensional organic materials. By controlling the spatial distribution of organic molecules on a surface by directed molecular binding, these materials will potentially allow for the development of new nanooptical, nanoelectronic, and/or nanoelectrochemical systems (NEMS). 3, [8] [9] [10] [11] [12] One way to pattern and immobilize organic electronic or optoelectronic materials with nanometer scale control is to utilize a bottom-up, layer-by-layer approach based on host-guest chemistry. 3 Host-guest chemistry involves complementary binding between two different molecules that can involve electrostatic, hydrogen bonding, π-π stacking interactions, inductive and dispersion forces, as well as hydrophobic or solvatophobic effects. 15 Over the past decade, host-guest chemistry involving synthetic receptor molecules has received increasing interest partly due to the ever-advancing ability to synthesize complex molecular scaffolds to serve as host structures. One such receptor, cyclotriveratrylene (CTV), [16] [17] [18] has been extensively employed in host-guest chemistry as a supramolecular scaffold. [19] [20] [21] Enabled by its rigid bowl-shaped structure, CTV has been shown to act as a host molecule for a variety of small molecules including neutral or ionic polyhedral C 60 and o-carborane derivatives. 22, 23 In 1994, Atwood et al. 24 showed that the bowl-shaped crown conformer of CTV forms inclusion complexes with C 60 in the ratio of (C 60 ) 1.5 (CTV)(toluene) 0.5 referred to as a "ball and socket" structure. Zhang et al. [25] [26] [27] [28] utilized this ball and socket structure to prepare C 60 self-assembled monolayers (SAMs) on gold utilizing CTV, however the CTV was derivatized on its perimeter resulting in the concave shape of the CTV molecule facing toward the gold surface, thus irreversibly trapping C 60 against the surface and isolating it from neighboring CTV guests. This orientation of CTV prohibits its ability to function as a template for a layer-by-layer approach to building organic electronic or optoelectronic materials.
Herein we describe a robust and reliable method to produce predesigned, spatially controlled, high-density microarrays of C 60 . We have designed and synthesized an apexmodified CTV derivative providing a surface bound CTV template with its bowl shaped cavity directed away from the surface. By utilizing a layer-by-layer approach and Dip-Pen Nanolithography (DPN), which provides a flexible nanolithographic method capable of positioning molecules on a substrate with 10 nm resolution, 29, 30 predesigned, spatially controlled microarrays of this modified CTV derivative were prepared on gold surfaces. The molecular recognition capabilities of this CTV-template towards C 60 provides proof-of-concept that supramolecular CTV scaffolds can be directly patterned on surfaces and through host-guest interations provide a template for the development of organic electronic or optoelectronic materials.
Materials and Methods
Materials. All solvents and reagents used were purchased from Sigma-Aldrich (Milwaukee, WI) and were used as received without further purification.
Synthesis of 10, 3, 7, 8, 12, 
. CTV ketone and CTV oxime were prepared by a modification of the previously published procedure. 31 All the AFM images were acquired with resolutions of 512 x 512 pixels. Self-assembled monolayers for matrix assisted laser desorption ionization mass spectrometry (SAMDI-TOF MS) spectra were obtained using a 4800 MALDI-TOF/TOF (Applied Biosystems, Farmingham, MA) with a 335 nm Nd:YAG laser as a desorption/ionization source using a matrix of 2,4,6-trihydroxyacetophenone, 25 mg/mL in acetonitrile. All spectra were acquired with 20 kV accelerating voltage using positive reflector mode. The extraction delay was 450 ns, 1200 laser shots were applied, and the entire surface of the circle was sampled. Each spectrum was calibrated using the EG3-EG3 disulfide background as an internal standard.
Results and Discussion
We hypothesized that derivatizing the apex of the CTV bowl would provide a supramolecular scaffold with the concave bowl receptor pointed away from the surface, enabling CTV to function as a surface-bound host molecule. To accomplish this, CTV was oxidized to the monoketone and converted to the oxime in high yield as an equilibrium mixture of the crown 1a and the saddle 1b conformers (Figure 1 ). 16 The CTV oxime was coupled to (±)-α-lipoic acid affording a mixture of the coupled crown (2a) and saddle (2b) conformers in 52% yield ( Figure   1 ). The resulting CTV-lipoic acid derivatives (2a/b) contain a dithiolane-terminated linker for coordination to gold, thus enabling the bowl of CTV to face away from the surface.
With the successful design and synthesis of an apex modified CTV supramolecular scaffold head group with a dithiolane tail, microarrays of 2a/b were prepared via DPN by direct patterning using a NanoInk, Inc. Nscriptor TM system. 29, 30 DPN is a particularly important nanolithographic method for patterning molecular inks since DPN is capable of positioning molecules on a substrate with 10 nm resolution in pre-designed, spatially controlled arrays. 29 we had shown that apex-modified CTV derivatives interconvert between two different conformers, crown 1a and saddle 1b. 31 The interconversion equilibrium between the two conformers was shown to be solvent dependent with the crown conformer being favored in nonpolar solvents. 37 Given the nearly complete coverage of the CTV-surface bound template, the equilibrium between the crown conformer 2a and the saddle conformer 2b must be shifted towards 2a (Figure 1 ) enabling a ball-and-socket interaction between the host CTV molecules and the C 60 guest. 37 Therefore, the apex-bound lipoic acid-CTV molecule (2a) resides on the surface with its bowl shaped cavity directed away from the surface. The proposed conformation of the CTV bowl is consistent with other cyclophane SAMs, such as calix[n]arenes (n = 4, 6, 8).
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Conclusion
We have shown that an apex-modified CTV supramolecular scaffold can be patterned 
